INTRODUCTION
Elemental sulfur (SO) is recovered from sour water in petroleum refineries by the Claus process after steam stripping (Sitting, 1978) . The refinery's wastewater treatment plant oxidizes the remaining sulfide (S2') to sulfate. A process which removes hydrogen sulfide from refinery streams entering the wastewater treatment plant will have economic advantages if So is produced, and can be adapted to replace both the sour water stripping and sulfur recovery processes.
The use of a biological catalyst can overcome the disadvantages of physical/chemical means of S o recovery:
catalyst poisoning, high chemical use and low efficiency (Cork, Jerger and Maka, 1986) . Chlorobium thiosulfatophilum is a naturally occurring green sulfur bacterium capable of oxidizing S2-to S o . This photosynthetic anaerobe requires CO 2 and inorganic nutrients for growth, tolerates high (4mM) levels of sulfide, and is an efficient So producer (Cork, 1978) . In this study, batch and semi-batch reactors were used to convert S2. directly to SO in the aqueous phase.
MATERIALS AND METHODS
Colorimetric assays for S2. and So and the turbidimetric method for sulfate were used (Henshaw, 1990) . The concentration of bacteriochlorophyll (bchl) was used as an indicator of the biomass concentration (Maka, 1986) . The medium of Madigan (1988) was used for the culture tubes and experimental reactors. A 15 L New Brunswick Scientific Co. (NBS) fermenter was used as a batch reactor. The stir paddles were removed from a second 15 L reactor to accommodate a 175 Watt infra-red bulb. Both reactors were mounted in a NBS fermenter drive. The incident radiation at the nearer surface of the reactor was 7.1 W.
Sterile 70 mL culture tubes were inoculated with C. thiosulfatophilum (America Type Culture Collection) 1 to 2 weeks before commencing each of the seven batch reactor tests. Four days before the start of a batch reactor test, the 1 L reactor was inoculated by injecting into it the concentrated contents of two culture tubes. The pH in the 15 L reactor was adjusted to the range 6.9 to 7.2 before inoculating it with the contents of the 1 L reactor. The reactor was incubated at 30±4°C. Draws were made immediately after inoculation and at intervals greater than or equal to 3 hours thereafter. From the draw, samples were taken for sulfide, sulfur, sulfate, bchl and pH measurement. In the semi-batch reactor experiment the concentration of sulfide was allowed to deplete prior to each of four 1 L injections of N�S solution. The concentrations of sulfur species were monitored as in the batch reactor.
RESULTS AND DISCUSSION
Sulfide depletion was coincident with an increase in S o concentration in all batch reactor runs where sulfide consumption was observed (Figure 1 ). Sulfate concentration typically did not increase until S2. was depleted. Bchl increased the fastest when S2-was being consumed and continued until S o was depleted. In the control runs, (without bacteria) the S2-concentration decreased moderately, either by reacting with oxygen remaining in the reactor or by leakage. Sulfate is initially present in the reactor from the dissolved mineral salts. The majority of specific growth rate (11) values for batch and semi-batch reactors were in the 0.045 to 0.090 h-I range (Figure 2 ). Maka (1986) obtained 11 values of 0.01 to 0.15 h-I in gas-fed static cultures of C. thiosu/fatophilum where the total light energy ranged from 0.3 to 4.9 W. Cork, Mathers, Maka and Srnak (1985) reported 11 values of 0.033 to 0.050 h-I in a similar reactor receiving 2.1 to 28.8 W of light energy. The relationship between 11 and the initial concentration of substrate (So) is typically described by the Monod equation: 1l=1lm •• S.,I(K.+So)' Where inhibition of growth occurs at high substrate concentration, the Haldane equation: 1l=Ilm .. S.,I«K.+So)(I+S.,IKI» is suggested (Gaudy and Gaudy, 1980) . The following equations were used in Figure 2 There is a correlation between the recovery of sulfur and the initial pH in the reactor at the beginning of a run/injection (Figure 3) . The correlation coefficient of 0.82 allows the rejection of the hypothesis that these parameters are not related with 99% confidence. The relationship may be due to the fact that sulfate is more stable than S o at high pH (Chen, 1974) . o 6.5 6.6 6.7 6.8 6.9 7.0 7.1 7.2 7.3 7.4 7.5
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